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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a lead-acid 
battery, particularly a carbon material for a lead-acid 
5 battery superior in high-efficiency charging 
characteristic . 



Related Art Statement 

A lead-acid battery as a secondary battery is 
relatively inexpensive and has stable properties; 

10 therefore, has been widely used as an electric source 

for automobiles and portable apparatuses, or as a back- 
up electric source for computers. Recently, a lead- 
acid battery has found new applications as a main 
electric source for electric cars, as an electric 

15 source for start-up of hybrid electric cars and simple 
hybrid cars, or for recovery of regenerated current. 
In these new applications, a lead-acid battery need to 
have, in particular, both of high output characteristic 
and high input characteristic. 

20 Various studies have heretofore been made on 

the high output characteristic. With respect to the 
high input characteristic, however, there has been 
obtained no level which is superior to those of other 
battery systems. 
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The high input characteristic, i.e. high- 
efficiency charging characteristic of a lead-acid 
battery is greatly influenced by the characteristics of 
the lead sulfate present in the anode. With respect to 
5 the anode active material of a lead-acid battery, 
metallic lead emits electrons and is converted into 
lead sulfate in the discharge reaction; in the charging 
reaction, lead sulfate accepts electrons and is 
converted into metallic lead. The lead sulfate 

10 generated during discharge has neither ionic 

conductivity nor electron conductivity and is an 
insulating material. Further, the lead sulfate is very 
low in solubility into lead ion. Thus, lead sulfate is 
low in electron or ionic conductivity and moreover low 

15 in solubility into lead ion; therefore, the rate of 

reaction from lead sulfate into metallic lead is small, 
resulting in inferior high-efficiency charging 
characteristic . 

As countermeasure therefor, improvements of 

20 charging characteristic have been tried, for example, 
by optimizing the amount of carbon added into an anode 
active material ( JP-A-9-213336) or by allowing an anode 
active material to contain metallic tin ( JP-A-5-89873) . 

OBJECT OF THE INVENTION 
25 In order to obtain an improved high- 

efficiency charging characteristic, the properties of 
lead sulfate need be improved. That is, it is 



necessary to firstly improve the conductivity of lead 
sulfate and secondly increase the solubility of lead 
sulfate into lead ion. The improvement of the electron 
conductivity and ionic conductivity of lead sulfate is 
5 possible by addition of an optimum amount of carbon, as 
seen in JP-A-9-213336 . With this addition of an 
optimum amount of carbon, however, it is impossible to 
improve the solubility of lead sulfate into lead ion. 
Similarly, by allowing an anode active material to 
10 contain metallic tin, the conductivity improvement of 
lead sulfate is possible but the improvement of 
solubility of lead sulfate into lead ion is impossible. 

The objects of the present invention are to 

provide 

15 a lead-acid battery of superior high- 

efficiency charging characteristic wherein the 
conductivity of lead sulfate is improved and further 
the solubility of lead sulfate into lead ion is 
improved and thereby the charging reaction of anode 

20 active material proceeds smoothly, and 

a novel carbon material superior in charge 
acceptability. 

SUMMARY OF THE INVENTION 

Firstly, the lead-acid battery of the present 
25 invention is characterized in that a carbon powder 

containing a simple substance and/or a compound, both 
having a catalysis for desulf urization or SO x oxidation 
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is added into the anode. The carbon material for a 
lead-acid battery according to the present invention is 
characterized by being a carbon powder containing a 
simple substance and/or a compound, both having a 
5 catalysis for desulf urization or S0 X oxidation. Use of 
such a carbon powder can give a lead-acid battery of 
improved high-efficiency charging characteristic. The 
high-efficiency charging characteristic of a lead-acid 
battery is improved strikingly when a carbon containing 

10 a simple substance and/or a compound, both having, in 
particular, a catalysis for hydrogenation 
desulfurization is added. 

When the simple substance and/or the 
compound, both having a catalysis for desulfurization 

15 is at least one major component constituting catalysts 
for desulfurization or deodorization selected from 
catalysts for petroleum refining, catalysts for fuel 
oil desulfurization, catalysts for gas production and 
catalysts for pollution control, the resulting lead- 

20 acid battery can have a further improved high- 
efficiency charging characteristic • 

The above component is desirably at least one 
simple substance selected from Co, Mo, Ni, Zn, Cu and 
Mn, or at least one oxide, sulfate or hydroxide 

25 thereof. 

Also when the simple substance and/or the 
compound, both having a catalysis for SO x oxidation is 
at least one major component constituting catalysts for 
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sulfuric acid production, the resulting lead-acid 
battery can have an improved high-efficiency, charging 
characteristic. A simple substance or compound which 
can be converted into a sulfate, is preferred 
5 particularly. 

The above component is desirably at least one 
simple substance selected from alkali metals, alkaline 
earth metals, V, Mn and rare earth elements, or at 
least one oxide or sulfate thereof. 
10 Secondly, the lead-acid battery of the 

present invention is characterized in that the 
following loaded material is added into the anode. 
That is, there is added, into the anode, a loaded 
material obtained by loading, on a carbon powder, at 
15 least one simple substance selected from Hf, Nb, Ta, W, 
Ag, Zn, Ni, Co, Mo, Cu, V, Mn, Ba, K, Cs, Rb, Sr and 
Na, desirably from Ni, Co, Mo, Cu, V, Mn, Ba, K, Cs, 
Rb, Sr and Na, or at least one oxide, sulfate, 
hydroxide or carbide thereof. By using such a loaded 
20 material, the resulting lead-acid battery can have an 
improved high-efficiency charging characteristic. 

When said at least one element is loaded on 
the carbon in an amount of 10 to 5,000 ppm, desirably 
50 to 1,000 ppm by weight per element, the resulting 
25 lead-acid battery can have a further improved high- 
efficiency charging characteristic. 

In the present lead-acid battery, by using, 
as the carbon, at least one member selected from carbon 



black, acetylene black, natural graphite, artificial 
graphite, pyrolytic carbon, coke, isotropic ..graphite, 
mesophase carbon, pitch-based carbon fiber, carbon 
fiber by vapor phase growth, carbon fluoride, 
5 nanocarbon, active carbon, active carbon fiber and PAN- 
based carbon fiber, a superior high-efficiency charging 
characteristic can be obtained. Some of these carbons 
have various primary particle diameters, various 
specific surface areas, various oil absorptions as 

10 measured with dibutyl phthalate, or various apparent 
densities, but the present invention is applicable to 
all of these carbons . 

The simple substance or compound loaded on 
the carbon powder desirably has an average primary 

15 particle diameter of 0.1 to 1,000 nm. This average 
primary particle diameter is an average primary 
particle diameter obtained by observation using a 
transmission electron microscope. The primary particle 
diameters of the loaded material differ depending upon 

20 the firing conditions used, such as firing temperature, 
firing atmosphere and the like. For example, a loaded 
material having an average primary particle diameter of 
the above range is obtained at a firing temperature of 
about 300°C when the firing atmosphere is air, about 

25 350°C when the atmosphere is nitrogen, and about 370°C 
when the atmosphere is hydrogen. 

Thirdly, the lead-acid battery of the present 
invention is characterized in that the following active 



carbon and/or carbon black is added into the anode. 
That is, there is added, into the anode, an^active 
carbon and/or carbon black containing at least one 
simple substance selected from Cu, Ni, Zn, Mn, Al, Si, 
5 K and Mg, or at least one compound thereof. The carbon 
material for use in a lead-acid battery according to 
the present invention is characterized by being an 
active carbon and/or carbon black containing at least 
one simple substance selected from Cu, Ni, Zn, Mn, Al, 

10 Si, K and Mg, or at least one compound thereof. Active 
carbon or carbon black has a complicated pore 
structure. The pores contain various impurities. By 
using, in particular, an active carbon or carbon black 
containing, as impurities, at least one simple 

15 substance selected from Cu, Ni, Zn, Mn, Al, Si, K and 
Mg, or at least one compound thereof, a lead-acid 
battery of improved high-efficiency charging 
characteristic can be obtained. 

The active carbon is desirably an active 

20 carbon produced from coconut husk, having a Cu content 
of more than 5 ppm by weight but less than 15,000 ppm 
by weight. Since coconut husk which is a natural 
product, contains Cu, Mn, Al, Si and K, the active 
carbon produced therefrom contains the above elements 

25 in a large amount. When the active carbon contains, in 

u 

particular, Cu in an amount of more than 5 ppm by 
weight but less than 15,000 ppm by weight, the anode of 
the resulting lead-acid battery can be improved 



significantly in high-efficiency charging 
characteristic as well as in charge acceptability. 

The carbon black is desirably a furnace black 
having a total content of Ni, Cu, Zn and Mn more than 1 
5 ppm by weight but less than 1,000 ppm by weight. Since 
fuel oil contains impurities such as Ni, Cu, Zn and Mn 
in a large amount, the furnace black produced therefrom 
also contains the above elements in a large amount. 
When the furnace black contains, in particular, Ni and 

10 Cu in a total amount of more than 1 ppm by weight but 
less than 1,000 ppm by weight, the anode of the 
resulting lead-acid battery can be improved 
significantly in high-efficiency charging 
characteristic as well as in charge acceptability. 

15 Lastly, the carbon material for use in a 

lead-acid battery according to the present invention is 
characterized by being a carbon powder containing or 
loading thereon at least one simple substance selected 
from Hf, Nb, Ta, W, Ag, Zn, Ni, Co, Mo, Cu, V, Mn, Ba, 

20 K, Cs, Rb, Sr and Na, or at least one oxide, sulfate, 

hydroxide or carbide thereof. The carbon powder may be 
added into the electrolytic solution of a lead-acid 
battery or onto the surface of an electrode, whereby 
the start of charging can be accelerated. The loading 

25 of the simple substance or the oxide, sulfate, 

hydroxide or carbide thereof can be conducted desirably 
by wet loading. 

Other objects, features and advantages of the 
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invention will become apparent from the following 
description of the embodiments of the invention taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fig. 1 is a drawing showing an embodiment of 

the present invention. 

Fig. 2 is a graph showing the relation 
between Ni content (ppm) and charging voltage (Vc) in 
the case of using the nickel-loaded acetylene black 
10 obtained by firing in air, in Example 1 of the present 
invention. 

Fig. 3 is a graph showing the relation 
between firing temperature and charging voltage (Vc) in 
the case of using the nickel-loaded acetylene black 
15 obtained by firing in nitrogen, in Example 1 of the 
present invention . 

Fig. 4 is a graph showing the relation 
between firing temperature and charging voltage (Vc) in 
the case of using the nickel-loaded acetylene black 
20 obtained by firing in hydrogen, in Example 1 of the 
present invention. 

Fig. 5 is graphs showing the relations 
between the loaded amount of loaded elements and 
charging voltage (Vc) , obtained in Example 5 of the 
25 present invention. 

Fig. 6 is a drawing showing a model of the 
catalysis for desulfurization in Example 7 of the 
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present invention . 

Fig. 7 is a drawing showing a modo.1 of the 
catalysis for SO x oxidation in Example 7 of the present 
invention . 

5 Fig. 8 is graphs each showing the current- 

potential characteristic obtained in Example 8 of the 
present invention. 

The numerals in Fig. 1 refer to the 
f ollowings . 

10 1: anode plate; 2: cathode plate; 3: 

separator; 4: group of electrodes; 5: cathode strap; 6: 
anode strap; 7: battery case; 8: cathode terminal; 9: 
anode terminal; 10: cover 

DETAILED DESCRIPTION OF THE INVENTION 

15 According to the present invention, a lead- 

acid battery can be provided which shows a small energy 
loss caused by gas generation even during large-current 
(2C or more) charging and which has an improved high- 
efficiency charging characteristic. Here, 2C is a 

20 current value necessary to discharge the total 

discharge capacity of a battery in 0 . 5 hour, and 1C is 
a current value necessary to discharge the total 
discharge capacity of a battery in 1 hour. 

The present invention is characterized by 

25 utilizing an action toward sulfur (S) commonly 
possessed by catalysts, for example, strong 
adsorbability for sulfur (S) possessed by the component 



contained in a catalyst. In desulf urization of, for 
example, crude oil, desulfurization of thioghenes has 
been generally well known. In desulfurization of 
benzothiophene, the S in benzothiophene is adsorbed on 
5 the active sites of the catalyst used and hydrogenated 
to become H 2 S, which is eliminated as such; in this way, 
a desulfurization reaction proceeds. This applies also 
to the elementary reaction of charging in the anode of 
a lead-acid battery, that is, a reaction in which lead 

10 sulfate is dissociated into sulfate ion and lead ion. 
That is, the sulfate group in lead sulfate is adsorbed 
on the active sites of the catalyst and hydrogenated to 
become HS0 4 ~, which is released into the electrolytic 
solution as such. In the case of a lead-acid battery, 

15 since the sulfuric acid concentration in the 

electrolytic solution is as high as 30% by volume, 
dissociation in the form of S0 4 2 ~ is impossible and the 
most part of S0 4 2 ' is dissociated in the form of HS0 4 ~. 
Thus, diffusion in the form of HS0 4 ~ is important in 

20 order to increase the solubility of lead sulfate. 

Meanwhile, in catalysts used for sulfuric 
acid production, there are mainly used components 
capable of taking SO x into the respective molecules and 
converting it into a sulfate of higher degree. V 2 0 5 and 

25 sulfates of Rb, K, Cs, etc. are known to take SO x into 
the respective molecules and convert it into VOS0 4 or 
Me 2 S 2 0 7 (Me is Rb, K or Cs) . This applies also to the 
elementary reaction of charging in the anode of a lead- 



acid battery, that is, a reaction in which lead sulfate 
is dissociated into sulfate ion and lead ioa. The 
above oxide or each sulfate takes dissociated sulfate 
ion into the molecule and thereby can promote 
5 dissolution. 

The anode of the present invention is 
characterized in that there is added, into the anode, a 
carbon containing a simple substance or a compound, 
both having a particular catalysis, for example, a 

10 catalysis for desulf urization, a catalysis for SO x 

oxidation or a catalysis for sulfuric acid production. 
Carbon is an essential substance for increasing the 
conductivity of lead sulfate, but no sufficient 
charging characteristic is obtained with carbon alone. 

15 Therefore, addition of a simple substance or a 

compound, both having a particular catalysis becomes 
necessary. Meanwhile, with addition of only a simple 
substance or a compound, both having a particular 
catalysis, no conductivity such as obtained with carbon 

20 and accordingly no satisfactory high-efficiency 
charging characteristic is obtainable. 

In order to obtain a sufficient catalysis, it 
is desired to highly disperse, on a carbon, a simple 
substance or a compound, both having a particular 

25 catalysis, in the form of particles of very small 
diameters . 

Some of active carbons or carbon blacks 
having complicated pore structures, for example, porous 



structure, fine structure, mesopore structure, 
micropore structure, submicropore structure* macropore 
structure, structure having inner surface and structure 
of high specific surface area, contain, in the pores, a 
5 small amount of a simple substance or a compound, both 
having the above-mentioned catalysis. This is 
advantageous for effective utilization of catalysis. 
Some of active carbons or carbon blacks have a function 
of adsorbing various molecules and ions into the 

10 complicated pores. Thus, in the elementary reaction of 
charging in the anode of a lead-acid battery, that is, 
a reaction in which lead sulfate is dissociated into 
sulfate ion and lead ion, sulfate ion is easily 
adsorbed into the pores of the active carbon. Since 

15 there is present, in the pores, a simple substance or a 
compound, both having the above-mentioned catalysis, 
sulfate ion is easily converted into HS0 4 " or is taken 
into an oxide or sulfate, whereby charging reaction 
proceeds smoothly. Carbons produced from natural 

20 products or fuel oil, such as active carbon or carbon 

black and the like, often contain in themselves a large 
amount of a simple substance or a compound, both having 
a catalysis; therefore, by using a carbon obtained by 
subjecting a natural product-derived carbon to an acid 

25 treatment, a heat treatment or the like to control the 
concentration of the simple substance or compound at an 
optimum range, a superior high-efficiency charging 
characteristic can be obtained even with no loading on 



the carbon. 

Further, containing a particular simple 
substance or compound, both having the above-mentioned 
catalysis highlky, the carbon powder of the present 
invention, when added into the electrolytic solution or 
onto the electrode surface, of a lead-acid battery, can 
accelerate the start of charging. The carbon can be 
adsorbed on the reaction interface of the active 
material of the lead-acid battery; thereby, the 
passivation of lead sulfate which is called sulfation 
can be suppressed, no passivation proceeds even when 
complete discharge has been made, and charge 
acceptability is improved remarkably. 

Thus, by using the anode of the present 
invention, a lead-acid battery can be obtained which is 
applicable as an industrial battery requiring a high 
input characteristic and a high output characteristic, 
used for electric car, parallel hybrid electric car, 
simple hybrid car, power storage system, elevator, 
electric tools, uninterruptible power source, 
distributed power source, etc. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention is described in more 
detail below by way of Examples. However, the present 
invention is in no way restricted to these Examples 
within the scope of the present invention. In-depth 
description is made on the Examples of the present 
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invention, in comparison with Comparative Examples 
concerning lead-acid batteries produced for ..confirming 
the effects of the Examples. 

Description is made first on methods for 
5 production of lead-acid batteries of Examples and 
Comparative Examples. With respect to production 
methods in Example 2, later Examples and Comparative 
Examples, the same procedures as in Example 1 are not 
described and different procedure portions are 
10 described. 



Example 1 

Production of simple substance- and/ o r compnund-loariP.ri 
carbons 

In production of simple substance- and/or 
15 compound-loaded carbons, first, aqueous nickel nitrate 
solutions of different concentrations were prepared. 
Thereto were added 10 g of acetylene black as a carbon 
powder and 0.1 g of a surfactant. Each resulting 
mixture was stirred in a water bath of 40°C. Thereto 
20 was dropwise added sodium hydroxide until the pH of 

each mixture became 7. Then, filtration was made. The 
separated precipitate was washed with distilled water, 
dried at 120°C for 2 hours, and fired in the air, 
nitrogen or hydrogen at 300 to 500°C for 30 minutes to 
25 produce various nickel-loaded carbons. XRD (X-ray 

dif f ractometry) indicated that Nio was formed by the 
firing in the air, Ni was formed by the firing in 



hydrogen, and a mixture of NiO and Ni was formed by the 
firing in nitrogen. Incidentally, X-ray dif f ractometry 
is a method which measures the intensity of diffraction 
line while changing the angle of diffraction of X-ray 
and analyses the angle and the intensity, and is used 
for analysis of crystal structure. In the X-ray 
diffraction of the present invention, an ordinary 
powder diffraction method was used and a CuK a ray was 
used as the X-ray source. 

In Table 1 are shown the Ni contents in 
various Ni-loaded carbons, as determined by ICP 
(inductively coupled plasma) spectrometry. 
Incidentally, ICP spectrometry is a method which can 
detect a plurality of elements and determine the 
quantity simultaneously at a high sensitivity. A 
sample was placed in an acidic solution of 100°C or 
more (e.g. boiling hydrochloric acid or nitric acid 
solution) ; boiling was conducted for 2 to 3 hours to 
dissolve the metal in the sample; and determination was 
made for the resulting solution. 
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Production of *n ode plates 

In production of anode plates, first, there 
were added, to a lead powder, 0,3% by weight of lignin, 
0.2% by weight of barium sulfate or strontium sulfate, 
and 0.2 to 1.0% by weight of one of the above-mentioned 
simple substance- and/or compound- loaded carbon powders 
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of the present invention, followed by kneading using a 
kneader for about 10 minutes, to prepare various 
mixtures. Then, each of the resulting lead powder 
mixtures was kneaded with 13% by weight, based on the 
5 lead powder, of diluted sulfuric acid (specific 

gravity: 1.26, 20°C) and 12% by weight, also based on 
the lead powder, of water to prepare various anode 
active material pastes. 73 g of each anode active 
material paste was filled in a collector which was a 
10 lattice-shaped material made of a lead-calcium alloy. 
The paste-filled collector was allowed to stand for 18 
hours at 50°C at a humidity of 95% for aging and then 
allowed to stand for 2 hours at 110°C for drying, to 
produce various anode plates before formation. 

15 Production of cathode p lat.* 

In production of a cathode plate, first, a 
lead powder was kneaded with 13% by weight, based on 
the lead powder, of diluted sulfuric acid (specific 
gravity: 1.26, 20°C) and 12% by weight, also based on 

20 the lead powder, of water to prepare a cathode active 
material paste. Then, 85 g of the cathode active 
material paste was filled in a collector which was a 
lattice-shaped material made of a lead-calcium alloy. 
The paste-filled collector was allowed to stand for 18 

25 hours at 50°C at a humidity of 95% for aging and then 
allowed to stand for 2 hours at 110°C for drying, to 
produce a cathode plate before formation. 



Production Of batteries and formation thereof 

Fig. 1 is a drawing showing an embodiment of 
the present invention. Six anode plates before 
formation 1 and five cathode plates before formation 2 
5 were laminated via separators 3 made of a glass fiber; 
the plates of same polarity were connected with each 
other using straps to form a group of electrodes 4. 5 
is a cathode strap and 6 is an anode strap. Eighteen 
groups of electrodes 4 were connected in series in a 
10 battery case 7, after which an electrolytic solution of 
diluted sulfuric acid having a specific gravity of 1.05 
at 20°C was poured into the case to form various 
batteries before formation. Each battery before 
formation was subjected to formation at 9 A for 42 
15 hours; then, the electrolytic solution was discharged; 
and a different electrolytic solution of diluted 
sulfuric acid having a specific gravity of 1.28 at 20°C 
was poured. A cathode terminal 8 and an anode terminal 
9 were welded; a cover 10 having an exhaust valve was 
20 fitted for sealing; thereby, various lead-acid 

batteries were completed. Each battery had a capacity 
of 18 Ah and the average discharge voltage was 36 V. 

A battery having a discharge voltage of 36 V 
and a charging voltage of 42 V is called a 42 V 
25 battery. In the present invention, however, the 

voltage range is not restricted thereto. An intended 
voltage can be achieved by connecting a plurality of 
single batteries in series. In the Examples of the 
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present invention, 42 V batteries were produced and the 
characteristics of the present invention ar§ not varied 
in this voltage range. 

A high-efficiency charging characteristic 
5 test was conducted as follows. First, each lead-acid 
battery obtained was subjected to constant-current 
constant-voltage charging for 16 hours at a charging 
current of 6 A and at an upper limit voltage of 44.1 V; 
then, discharged at a discharge current of 4 A until a 

10 discharge voltage of 31.5 V is reached, to confirm the 
discharge capacity of the battery. Constant-current 
constant-voltage charging was again conducted for 16 
hours at a charging current of 6 A and at an upper 
limit voltage of 44.1 V; then, 10% of the above- 

15 confirmed discharge capacity was discharged at a 

discharge current of 4 A, to set the scale of charging 
(SOC) of the battery at 90%. There was measured a - 
charging voltage Vc when charging was conducted for 30 
seconds from the 90% SOC at a charging current of 40 A. 

20 As the charging reaction proceeds, the 

charging voltage Vc increases and also hydrogen gas is 
generated from the anode by the electrolysis of water. 
The amount of the hydrogen gas generated increases with 
an increase in the charging voltage Vc and, finally, 

25 water is exhausted. Therefore, the charging voltage Vc 
inevitably has an upper limit, and it is necessary to 
control at a voltage lower than the upper limit. In 
the battery tested, the upper limit voltage at which 



the amount of the hydrogen gas generated reaches the 
allowable limit, is 45 V and the upper limit voltage at 
which no hydrogen gas generation takes place, is 43,2 
V; therefore, evaluation of the battery was made using 
5 these values as a standard. That is, a battery of 
lower charging voltage is better. 

In Fig. 2 is shown a relation between the Ni 
content (ppm) in the nickel-loaded acetylene black 
fired in the air and charging voltage Vc. In any Ni 

10 content, the charging voltage Vc was lower than 4 5 V, 

i.e. the upper limit voltage at which the amount of the 
hydrogen gas generated reached the allowable limit, and 
a good high-efficiency charging characteristic was 
obtained. Particularly in a Ni content range of 10 to 

15 5,000 ppm, the charging voltage Vc was lower than 43.2 
V, and a very good high-efficiency charging 
characteristic was obtained. In a Ni content range of 
. 50 to 1,000 ppm, the charging voltage Vc was 43 V or 
lower, and a further superior high-efficiency charging 

20 characteristic was obtained. 

In Fig. 3 is shown a relation between the 
firing temperature of the nickel-loaded acetylene black 
fired in nitrogen and charging voltage Vc. In any 
temperature, the charging voltage Vc was lower than 45 

25 V, and a good high-efficiency charging characteristic 

was obtained. Particularly when the firing temperature 
was 350 to 400°C / the charging voltage Vc was lower 
than 43.2 V, and a further superior high-efficiency 
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charging characteristic was obtained. The NiO or 
metallic Ni in the loaded materials fired in, a 
temperature range of 350 to 400°C had an average 
primary particle diameter of 0.1 to 1,000 nm as 
5 measured by TEM. 

In Fig. 4 is shown a relation between the 
firing temperature of the nickel-loaded acetylene black 
fired in hydrogen and charging voltage Vc. In any 
temperature, the charging voltage Vc was lower than 45 

10 V, and a good high-efficiency charging characteristic 

was obtained. Particularly when the firing temperature 
was around 450°C, the charging voltage Vc was lower 
than 43.2 V, and a further superior high-efficiency 
charging characteristic was obtained. The Ni as the 

15 loaded material fired at around 450°C had an average 
primary particle diameter of 0.1 to 1,000 nm as 
measured by TEM. 

Comparative Example 1 

Using an acetylene black not loaded with any 

20 simple substance or any compound, a lead-acid battery 
was produced in the same manner as in Example 1, and 
its high-efficiency charging characteristic was 
evaluated. The Ni content in this acetylene was less 
than 1 ppm, that is, below the detection limit as 

25 measured by ICP spectrometry. The charging voltage Vc 
increased to 4 8 V, which was higher than the upper 
limit voltage 45 V, and the high-efficiency charging 
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characteristic was inferior. 
Example 7 

Using, as a carbon powder, various carbons 
shown in Table 2, nickel-loaded carbons were produced 
5 in the same manner as in Example 1 . 

Lead-acid batteries were produced in the same 
manner as in Example 1 and measured for high-efficiency 
charging characteristic. Their charging voltages Vc 
are shown in Table 2. With all the carbons, the 
10 charging voltages Vc were below 45 V and good high- 
efficiency charging characteristics were obtained. 
Also, with mixed carbon systems thereof, the charging 
voltages Vc were below 45 V and good high-efficiency 
charging characteristics were obtained. 
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Comparative Example 7 

Various carbons not loading any simple 
substance or compound, shown in Table 3 were measured 
for Ni content by ICP spectrometry. The Ni contents in 
5 all the carbons were less than 1 ppm and below the 
detection limit. Using these carbons, lead-acid 
batteries were produced in the same manner as in 
Example 1, and their high-efficiency charging 
characteristics were evaluated. Their charging 
10 voltages Vc were higher than 45 V and their high- 
efficiency charging characteristics were inferior. 
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Example 3 

Various active carbons were used a.s a carbon* 
The contents of Cu, Ni, Mn, Al, Si, K and Mg in the 
active carbons were measured by ICP spectrometry and 
5 are shown in Table 4. Using these active carbons 
containing various amounts of impurities, lead-acid 
batteries were produced in the same manner as in 
Example 1, and their high-efficiency charging 
characteristics were evaluated. Their charging 
10 voltages Vc are shown in Table 4. All the charging 
voltages Vc were lower than 45 V and their high- 
efficiency charging characteristics were good. 
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Example 4 

Active carbons produced from a coconut husk 
were used as a carbon. A coconut husk as a raw 
material for active carbons was washed with 1 N 
(mole/liter) hydrochloric acid for time lengths shown 
in Table 5, then washed with water until the pH of the 
washings became 7 and dried, and thereafter fired to 
produce active carbons. The Cu contents in these 
active carbons as measured by ICP spectrometry are 
shown in Table 5. Using these active carbons produced 
from a coconut husk, containing various levels of Cu, 
lead-acid batteries were produced in the same manner as 
in Example 1, and their high-efficiency charging 
characteristics were evaluated. Their charging 
voltages Vc are shown in Table 5. In all the Cu 
contents, the charging voltages Vc were lower than 45 V 
and good high-efficiency charging characteristics were 
obtained. In a Cu content range of more than 5* ppm and 
less than 15,000 ppm, the charging voltage Vc was lower 
than 43.2 V, and the high-efficiency charging 
characteristic was further better. 
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Example 5 

On the various kinds of carbon blajcks shown 
in Table 3 were loaded the various kinds of simple 
substances and/or compounds shown in Table 6, The 
loaded forms of the simple substances and compounds 
were confirmed by X-ray dif f ractometry to be a simple 
substance, an oxide, a sulfate, a hydroxide, a carbide, 
or a mixture thereof, as shown in Table 6. Then, lead- 
acid batteries were produced in the same manner as in 
Example 1, and their high-efficiency charging 
characteristics were evaluated- In Fig. 5 are shown 
relations between the content of each loaded element 
and the charging voltage Vc obtained. All the charging 
voltages Vc show good high-efficiency charging 
characteristics. In a loaded element content range of 
10 to 5,000 ppm, the charging voltage Vc was lower than 
43.2 V and a strikingly good high-efficiency charging 
characteristic was obtained. In a loaded element 
content range of 50 to 1,000 ppm, the charging voltage 
Vc was 43 V or lower and a further superior high- 
efficiency charging characteristic was obtained. Also 
in systems using a plurality of the above simple 
substances and/or compounds, the charging voltages Vc 
were lower than 45 V and good high-efficiency charging 
characteristics were obtained. 
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Table 6 



Symbol 


Kind of loaded 
element 


Loaded form 


6-a 


Mo 


MoC 


6-b 


Co 


Co+CoO 


6-c 


Ba 


BaS0 4 


6-d 


Mn 


MnS0 4 +Mn (OH) 2 +MnOOH 


6-e 


Sr 


SrS0 4 


6-f 


Cu 


Cu 



Example 6 

On the various kinds of carbon blacks shown 
in Table 3 were loaded the various kinds of simple 
substances and/or compounds shown in Table 7 . The 
5 loaded forms of the simple substances and compounds 
were confirmed by X-ray dif f ractometry to be a simple 
substance, an oxide, a sulfate, a hydroxide, a carbide, 
or a mixture thereof, as shown in Table 7. Then, lead- 
acid batteries were produced in the same manner as in 

10 Example 1, and their high-efficiency charging 

characteristics were evaluated. In Table 7 are shown 
the charging voltages Vc obtained. All the charging 
voltages Vc were lower than 45 V and good high- 
efficiency charging characteristics were obtained. 

15 Also in systems using a plurality of the above simple 
substances and/or compounds, the charging voltages Vc 
were lower than 45 V and good high-efficiency charging 
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characteristics were obtained. 



Table 7 



Symbol 
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Loaded form 
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Example 7 

1% by weight, based on an acetylene black, of 
one of the catalysts shown in Table 8 was added to the 
acetylene black, followed by thorough mixing in a 
mortar, to prepare various carbon blacks each 
containing a simple substance and/or a compound (s) 
having a catalysis for desulf urization or S0 X oxidation. 
Various lead-acid batteries were produced in the same 
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manner as in Example 1 and evaluated for high- 
efficiency charging characteristic. All of -jthe 
batteries showed charging voltages lower than 45 V and 
had good high-efficiency charging characteristics. 
Particularly when there were used catalysts for 
petroleum refining, fuel oil desulf urization, gas 
production, desulf urization or deodorization- for 
pollution control, or sulfuric acid production, the 
charging voltages Vc were lower than 43.2 V and 
strikingly good high-efficiency charging 
characteristics were obtained. When there were used 
simple substances such as Co, Mo, Ni, Zn, Cu and Mn, or 
their compounds in catalysts for petroleum refining, 
fuel oil desulfurization, gas production, or 
desulfurization or deodorization for pollution control, 
or when there were used simple substances such as 
alkali metals, alkaline earth metals, V, Mn and rare 
earth elements, or their compounds in catalysts for 
sulfuric acid production, the charging voltages Vc were 
43 V or lower and further better high-efficiency 
charging characteristics were obtained. Also, in 
systems using a plurality of the above simple 
substances and/or compounds in admixtures, good high- 
efficiency charging characteristics were obtained. 
Also in systems using, as a carbon powder, any one of 
the carbons shown in Table 3, good high-efficiency 
charging characteristics were obtained. 
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With elements of low hydrogen overvoltage, 
such as Ni, Co, Mo, Cu and the like, hydrogen 
generation takes place simultaneously with the charging 
reaction. Fig. 6 shows a model of the reaction 
5 mechanism. Water molecules in an electrolytic solution 
are dissociated on the above-mentioned element and the 
generated hydrogen ion is once adsorbed thereon. The 
sulfate ion generated by the dissolution of lead 
sulfate is also adsorbed thereon, and is bonded with 

10 the hydrogen ion to become HSO<~, which is released into 
the electrolytic solution. Meanwhile, the lead ion 
generated also by the dissolution of lead sulfate 
accepts electrons from carbon and deposits as metallic 
lead. In this way, the charging reaction proceeds 

15 easily and resultantly the lead-acid battery shows a 
good high-efficiency charging characteristic. 
Therefore, even with simple substances or their 
compounds, other than those shown above, having a 
catalysis for desulfurization, a reaction proceeds in 

20 the same mechanism as above, and the lead-acid battery 
shows a good high-efficiency charging characteristic. 

With simple substances or their compounds, 
which are easily converted into the respective 
sulfates, such as V, Mn, alkali metals, alkaline earth 

25 metals, rare earth elements and the like, sulfation 

proceeds in the battery. Fig. 7 shows a model of this 
reaction mechanism. The sulfate ion generated by the 
dissociation of lead sulfate is adsorbed on the above- 
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mentioned element and is easily taken into the simple 
substance or compound of the element . Meanwhile, the 
lead ion generated also by the dissolution of lead 
sulfate accepts electrons from carbon and deposits as 
5 metallic lead. In this way, the charging reaction 
proceeds easily and resultantly the lead-acid battery 
shows a good high-efficiency charging characteristic. 
Therefore, even with simple substances or their 
compounds, other than those shown above, having a 
10 catalysis for SO x oxidation, a reaction proceeds in the 
same mechanism as above, and the lead-acid battery 
shows a good high-efficiency charging characteristic. 

Exa m p le 8 

Evaluation of single electrodes 

15 The simple substances, oxides, sulfates, 

hydroxide or carbides shown in Table 9 were added to or 
loaded on an acetylene black singly or in combination, 
in an amount of 4,000 to 5,000 ppm based on the 
acetylene black, to prepare various carbon powders. 

20 0.5% by weight of each carbon powder was added to a 

lead powder, followed by pressure molding, to produce 
various acting electrodes. Using one of the acting 
electrodes, a platinum wire as an opposite electrode, a 
silver/silver chloride electrode as a reference 

25 electrode and, as an electrolytic solution, diluted 
sulfuric acid having a specific gravity of 1.26 at 
20°C, a cyclic voltammogram was determined. The 



scanning speed was 50 mV/min and the scanning potential 
was -800 mV to -200 mV (based on the silvery£silver 
chloride electrode) . Before the test, a reduction 
treatment of 5 minutes was conducted at -1,400 mV 
5 (based on the silver/silver chloride electrode) . With 
respect to the current-potential characteristic 
examined, the current density taken as the axis of 
ordinate was expressed as log |I| (an absolute value in 
log) . The minimum value of log | I | indicates a 

10 potential at start of charging and a potential at start 
of discharge, and the potential at start of charging 
and the potential at start of discharge were expressed 
by Ec and Ed, respectively . 

Fig. 8 shows the current-potential 

15 characteristics of a Ni-added carbon-containing 

electrode and a non-added carbon-containing electrode. 
When the potential at start of charging is expressed by 
Ec and the potential at start of discharge is expressed 
by Ed, a relation of EOEd results in the Ni-added 

20 carbon. This indicates that charging starts earlier, 
passivation of lead sulfate does not proceed even when 
complete discharge is conducted, and charging 
acceptability is strikingly improved. Meanwhile, in 
the case of the non-added carbon, a relation of Ec<Ed 

25 appears which is opposite to the case of the Ni-added 
carbon. This indicates that start of charging is slow, 
passivation proceeds when complete discharge is 
conducted, and charging acceptability is strikingly 
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low. 

In Table 9 are shown evaluation results on 
the relations of Ec and Ed determined for various 
carbons each containing a simple substance or a 
5 compound (s). Those carbons showing the relation of 
EOEd are improved in charging acceptability and 
therefore are rated as O, and a carbon showing the 
relation of Ec<Ed is inferior in charging acceptability 
and therefore is rated as X. Superior in charging 
10 acceptability were simple substances or compounds, of 
Hf, Nb, Ta, W, Ag, Zn, Ni, Co, Mo, Cu, V, Mn, Ba, K, 
Cs, Rb, Sr and Na . 
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Kind of loaded 
element 


Loaded form 
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O 


Ta 


Ta 


O 


W 


WC 
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Example 9 

In Table 10 are shown relations between the 
5 content of impurities (e.g. Cu) in carbon blacks and 
charging voltage showing high-efficiency charging 
characteristic of a lead-acid battery using the carbon 
blacks, obtained when various carbon blacks were used 
as a carbon. In Table 10 are shown the contents of 
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copper, nickel, manganese, aluminum, silicon, potassium 
and zinc determined by ICP spectrometry. Using various 
carbon blacks different in impurity content in place of 
simple substance and/or compound- loaded carbons, lead- 
5 acid batteries were produced in the same manner as in 
Example 1, and measured for high-efficiency charging 
characteristic. The charging voltages Vc in Table 10 
show the high-efficiency charging characteristics of 
the resultant batteries. In each of the batteries, the 

10 charging voltage Vc was lower than 45 V and the high- 
efficiency charging characteristic was good. 
Particularly in the furnace blacks having a total 
content of Ni, Cu, Zn and Mn more than 1 ppm but less 
than 1,000 ppm, the charging voltages Vc were lower 

15 than 43.2 V and the high-efficiency charging 
characteristics were further superior. 
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Thus, according to the present invention, a 
lead-acid battery of superior high-efficiency charging 
characteristic can be obtained by using a carbon 
containing a simple substance or a compound, both 
5 having a catalysis . There can also be obtained a 
carbon material for use in a lead-acid battery of 
strikingly improved charging acceptability. 

It should be further understood by those 
skilled in the art that the foregoing description has 
10 been made on embodiments of the invention and that 
various changes and modifications may be made in the 
invention without departing from the spirit of the 
invention and the scope of the appended claims. 



